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Solid culture medium for microorganisms, process for its 
preparation, and use 

The object of the invention is a ready-to-use culture me 
dium for microorganisms, comprising nutrients and hydro- 
gel based on cellulose ethers. The culture medium may be 
dried on a solid support, stored dry and moistened when 
taken into use, either directly with a sample to be tes- 
ted or. with water. Culture medium device may be immersed 
in a sample solution to be tested, or it may be pressed 
against a damp sample surface to be tested, after which 
the medium is incubated at a suitable temperature until 
microorganisms have grown to visually recognizable co- 
lonies . 



The determination of the amount and species of the micro 
organisms which cause infections and contamination is im- 
portant when either a suitable method of treatment in 
medication or a defensive method in food industry ^nd el- 
sewhere in the environmental hygiene is chosen. Several 
culture media and culture media devices for detecting va- 
rious bacteria and fungi have been developed for this 
purpose . 

In the microbiology that diagnoses diseases the aim is to 
determine and identify the microorganisms which cause in- 
fections, i.a. bacteria (both aerobic and anaerobic bac- 
teria) and fungi (yeasts and molds) , as exactly as possi- 
ble from various samples of human and animal origin (e.g. 
urine, blood, serum, plasma, cerebral spinal fluid, pleu- 
ral fluid, ascites fluid, pus, wound secretion, sputum, 
stool, and pharyngeal specimen) so as to be able to choo- 
se an effective, curative method of treatment. Often also 
the susceptibility of microbes to various antimicrobial 
drugs is to be determined. Various culture media and 
culture media devices are used for this purpose. 
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Microorganisms cause problems also in several different 
fields of industry. If they succeed in accumulating in 
processes, the health hazards and contamination problems 
caused by them will become difficult to handle. Usually 
microbes can effectively resist cleaning inside a so cal- 
led biof ilm layer composed of the solid material of mic- 
robe cells and process liquids, which layer gives protec- 
tion against the effect of disinfectants and antiseptic 
agents, as well as against the effect of antibiotics, and 
inside which microbes may survive even for long periods 
of time. 

Several production processes require a high hygienic le- 
vel, because even a slight growth of microorganisms may 
ruin the whole product. Lowered hygiene causes problems 
especially in food industry, in health care, in medical 
treatment and in water systems. Other kinds of problems, 
such as slime formation caused by bacteria in the vessels 
and pipe systems of process industry, may occur especial- 
ly in wood processing industry, and molds may appear eve- 
rywhere in ventilation pipes. In industry it has been 
found that microbes contribute also to other problems, 
such as at the emergence of corrosion. Microbes and the 
problems caused by them are found also elsewhere, such as 
on the tiles of bathroom, on sauna benches and in swim- 
ming pools. In hospitals pathogenic microbes may e.g. co- 
lonize in a ventilation system and thus cause hospital 
infections. Therefore a continuous follow-up of hygiene 
by determining the amounts of microbes is in use in most 
facilities where the level of hygiene is to be realized. 



The classical methods for culturing microorganisms are 
based on culture media where the gelling agent is^ agar- 
agar isolated from algae. Culture media have to be either 
prepared laboriously from a dry powder or bought in a 
ready-to-use form. Commercially available ready-to-use 
culture media are ready in swollen, wetted form* The sto- 
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rage time of self-made and of industrial, moist culture 
media which contain agar-agar is limited, because they 
dry easily and cannot be moistened again. In order to 
maintain moisture and sterility for as long as possible, 
this kind of culture media have to be stored in very 
tight packagings which need plenty of room. 

In the culture medium of the US patent 3,04 6,201, the 
gelling agents used instead of agar-agar include cross- 
linked polyacrylamide hydrogels or mixtures of polyacry- 
lamide and gelatine, silica gel or starch. The gel is not 
dried and it does not have the property of absorbing 
sample liquid . 

In the method according to the US patent 3,360,440, a dry 
gel is prepared by mixing nutrients with cellulose ether 
and by lyophilizing the mixture. Before lyophilization, 
microorganisms may be added to the mixture, and thus a 
ready-to-use, preservable culture is obtained. The dry 
gel is resuspended with sterile water before it is used 
for the determination of microbes or, if microbes have 
been added before lyophilization, before growing of mic- 
robes. In microbe assays, the microbes of the sample are 
absorbed within the gel and grow thus differently as to 
their morphology compared to the growth on usual media 
'where growth takes place on the surface of the gel. This 
considerably complicates the readability of the results 
and thus reduces the reliability of the assays. Further, 
lyophilization is a multistage process and requires rela- 
tively expensive equipment. 

In the test kit according to said US patent 3,3 60,44 0, 
water and the dried gel have been included in different 
parts of a reservoir. After resuspension the gel may be 
transferred on a desired support by pushing the reservoir 
wall. The test kit is complicated and is not ready-to- 
use. 
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GB 1 295 337 discloses a dehydrated hydrogel which is in- 
tegrally bonded to a culturing container by means of ra- 
diation and which comprises e.g. crosslinked poly (ethyle- 
ne oxide) , polyvinyl pyrrolidone and polyvinyl alcohol. 
Nutrients are added to the gel immediately after its pre- 
paration or just prior to use. 

In addition to this, methods are known where nutrients 
and gel are absorbed by an absorbing membrane, which may 
be a filter paper or other equivalent, absorbing support 
layer. The gel may also be spread on the surface of a 
membrane, or the gel is replaced by a membrane which is 
impermeable to bacteria. In these methods the absorbing 
membrane maintains inside itself the moisture needed for 
growth. Methods like this are disclosed in the patent 
publications US 3,881,993, EP 0 374 905, US 3,814,670 and 
EP 0 006 192, which are examined in more detail in tlvs 
following. 

In the method of the US patent 3,881,993, nutrients, rea- 
gents and a gelling agent have been absorbed by an absor- 
bing layer, which acts also as a supporting structure, 
and the medium has been dried under negative or positive 
pressure. As a gelling agent inert gum, linear polysac- 
charides or sodium alginate are used. In the method ac- 
cording to EP 0 374 905, gelling agents are absorbed by a 
filter paper. Sodium alginate is used as a gelling agent. 
The test medium according to the method is used wet. The 
method according to the US patent 3,814,670 is similar to 
the above ones, with the exception that the gel layer is 
spread on the surface of an absorbing membrane. As a gel- 
ling agent agar, gelatine, cellulose gums, carrageens, 
alginates, albumins, polysaccharides or polypeptides may 
be used. The culture medium has been dried. EP 0 006 192 
discloses a dry culture medium where a culture medium 
cartoon is covered by a plastic membrane, which is a ho- 
mopolymer of vinylacetate or acrylic acid esters, a copo- 
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lymer of vinylpropionate and vinylacetate, vinylpro- 
pionate and vinylchloride, vinylacetate and maleic acid 
esters, acrylnitrile, acrylic acid esters and vinylpro- 
pionate or butadiene and styrene. As an opening agent 
polyethy leneglycols , polyethy leneoxides , poly— 
viny lpyrr ol idone , polyvinylalcohols , partly saponified 
polyvinylesters, mixed polymers of vinylpyrrolidone and 
vinylesters, or cellulose derivatives, such as hydroxyal- 
kyl cellulose, are used. 

In the US patent 5, 494, 82 3 , a mixture comprising nut- 
rients and a gelation agent is coated with an absorbent 
fibrous sheet into which the sample solution is dispersed 
by the phenomenon of capillary attraction. After the mix- 
ture containing the gelation agent has absorbed moisture 
and formed a gel, the fibers of the absorbent fibrous 
sheet are buried and adhered into the mixture . 

JP 94-172178 discloses a cell culture carrier comprising 
two hydrogels, the other gel containing e.g. particles 
microbeads, fibre, sponge, etc. and functioning as a sup- 
porting structure. 

A disadvantage with above mentioned methods is that the 
gelling agent of culture medium needs supporting layers 
to remain consistent, which makes even the preparation of 
media difficult. Those methods wherein the gelling agent 
is also absorbed by an absorbing layer further have the 
disadvantage that the surface on which microbes grow is 
rough, and thus to an observer the microbes look totally 
different from those growing on the surface of agar in a 
classical detection method. 

Also known are culture media where gelling agents are 
powders which are soluble in cold water. They are at- 
tached on a hydrophobic support with the help of an ad- 
hesive layer, like in the US patents 5,089,413 and US 
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4,565,783, as well as in the WO publication 93/12218. The 
culture medium often further comprises an air-permeable 
membrane. A hydrophobic support may be directly covered 
with the gel, whereby the gel has been crossl inked with 
ionic .bonds by adding salts into the gel. Culture media 
like this have been used in the methods according to the 
US patents 5,089,413 and 4,565,783 only as streakable 
media. However, a disadvantage is that when crossl inking 
is carried out with the help of salts, the growth of mic- 
robes is often inhibited. 

In the methods according to the patents US 5,089,413 and 
US 4,565,783, copolymers of isooctylacrylate and acryla- 
mide or acrylic acid, or copolymers of 2-methylbutylacry- 
late and acrylic acid or silicone gum are used as adhe- 
sives. As gelling powder, alginine, carboxymethyl cellu- 
lose, hydroxyethyl cellulose, guar gum, locust bean gum, 
xanthan gum or mixtures of these are used. In the method 
according to WO 93/12218, a copolymer of isooctylacrylate 
and acrylamide or N-vinylpyrrolidone is used as an ad- 
hesive layer. To this adhesive layer is attached a cold- 
water-soluble powder, which is a mixture of super absor- 
bent and gelling agents. The gelling agent may be algini- 
ne, guar gum, hydroxymethyl cellulose, locust bean gum, 
carboxymethyl cellulose, xanthan gum or a mixture of the- 
se. The super absorbent agent is a glycol modified poly- 
saccharide, a graft polymer of starch and sodiumacrylate 
acrylamide or a mixture of these. Except of the streaka- 
ble medium, in these methods microbes grow inside the 
gel. A disadvantage is therefore that the morphology of 
colonies is not similar to the morphology on agar-agar 
surfaces. 

The purpose of the invention is to overcome the above 
mentioned problems and create a new culture medium device 
for culturing and identifying microorganisms. 
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The hydrogel culture medium which is the object of thd~ 
invention is especially suitable to be used for the de- 
termination of microorganisms in samples of human and 
animal origin for verifying medical diagnosis and for 
choosing a method of treatment. 

Another purpose of the invention is to achieve a solution 
for determining of microorganisms and biofilms formed by 
them, i.a. in the process vessels of food industry and 
wood processing industry and on the steel surfaces of 
ventilation systems * 

The culture medium device which is the object of the in- 
vention is particularly suitable in situations where the 
preparation of culture media is not possible and where 
continuous follow-up of hygiene is needed, such as self- 
monitoring of food industry and the confirmation of the 
eradication of pathogenic bacteria in hospitals e.g. on 
various surfaces, in solutions and in ventilation sys- 
tems . 

The purpose has been to develop a culture medium device 
which renders it possible to achieve a better sensitivity 
towards different microbes but which can, however, by va- 
rying the ingredients of the culture medium and their 
proportions, be used within different sensitivity areas. 
In order to guarantee a long shelf-life the culture me- 
dium has to be in dry form. The culture medium has to be 
easy to use. 

It has also been a purpose that nutrients and other rea- 
gents are added into the gel and that the gel can be at- 
tached directly on a water- impermeable support without 
absorbing support layers or adhesive layers. 

A prerequisite is also that the gel functions like a fil- 
ter, and thus microbes are adhered on the surface of the 
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gel while the liquid from the sample is absorbed by the 
gel . Due to the liquid absorbed , nutrients dissolve and 
are diffused to be utilized by microbes, and thus micro- 
bes as to their morphology grow as on classical agar-agar 
media ^ 

A purpose has been to develop an absorbing gel with a 
viscosity of 1 000 - 1 000 000 mPas (2 % water solution, 
20 °C, 100 kPa) , which after the addition of nutrients 
and other necessary components may be spread on a suita- 
ble support which is impermeable to water, dried under 
normal atmosphere to a moisture content of 0.01 - 20 % by 
weight, as well as if necessary sterilized for example by 
radiation or gasification . 

It has now been found that the above mentioned require- 
ments can be fulfilled if cross linked, cellulose ether 
based hydrogels are used as a gelling agent. They are 
hydrophilic polymers crosslinked with covalent bonds, and 
they swell in water but maintain their form due to their 
permanent three— dimensional structure, and thus do not 
need separate support layers or adhesive layers like the 
solutions according to the state of the art. Thus the 
hydrogel culture medium according to the invention may be 
dried on a water-repellant support without adhesive 
agents. 

The amount of chemical crosslinks in cellulose ether gel 
may be used to regulate the filter properties of the gel. 
The more crosslinks there are in the gel, the smaller is 
its pore size. Microbes are attached on the surface of 
the gel while the liquid in the sample is absorbed by the 
gel, and thus the sample is concentrated. The absorbtion 
capacity of the gel and simultaneously the sensitivity of 
the culture medium may be regulated by choosing suitable 
mixtures of hydrophilic and hydrophobic cellulose ethers 
as starting materials (cellulose ethers containing e.g. a 
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sodium acetate group or a hydroxyalkyl group are hyd- 
rophilic, and cellulose ethers containing e.g. an alkyl 
— or benzyl group are hydrophobic) . Due to the croscj i nks 
and hydrophilicity/hydrophobicity properties of cellulose 
ethers, the gel may absorb a sample which is larger as 
regards its liquid volume and bacteria content. 

The culture medium having the basic composition according 
to the invention may be used within different sensitivity 
ranges. Thus it may be used to determine for example 1 - 
10 3 CFU/ml or 10 3 - over 10 7 CFU/ml. The culture medium 
device according to the invention is thus very suitable 
to be used both in the hygiene control of industry 'and on 
the other hand in medical diagnostics. 

When immersed into a sample, the dry culture medium ac- 
cording to the invention absorbs within a few minutes a 
constant amount of liquid (10 - 1000 fil depending on the 
sensitivity needed) , which contains an equivalent amount 
of microbes compared to the sample to be tested. The cul- 
ture medium moistened with a sample is as smooth and even 
as normal agar-agar media, and after normal incubation 
time microbes form colonies on the surface of the gel. 

The rigidity of the gel surface to be formed and the vis- 
cosity properties of the gel may be regulated by using as 
starting materials cellulose ethers with different mole- 
cular weights and viscosities. 

Among the advantages of cellulose ethers are also that 
the gels prepared from them are bright and transparent, 
the raw materials are cheap bulk products and as natural 
polymers do not harm the environment when decomposed. 

Cellulose derivatives where hydrogen atoms in the OH 
groups of cellulose have been replaced by alkyl, such as 
methyl, ethyl, or propyl groups, hydroxyalkyl, such as 
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hydroxyethyl or hydroxy propyl groups, benzyl or hydroxy- 
benzyl groups or alkalimetal salts of carboxymethy 1 , such 
as sodium acetate, or mixtures of these, may be used as 
cellulose ethers. Each glucose unit of cellulose may con- 
tain 0 - 3 OH groups substituted with above mentioned 
groups. The viscosity of cellulose ethers may be 100 - 
100 000 mPas, preferably 1 000 - 10 000 mPas (2 % water 
solution, temperature 20 °C, pressure 100 kPa) and mole- 
cular weight 50O - 1 000 000, preferably 1 000 - 500 000. 
When cellulose ethers having above mentioned viscosities 
are used as starting materials, the viscosity of the end 
product is within the desired viscosity range of 1 000 - 
1 000 000 mPas. 



Cellulose ethers are linear polymers which may be used to 
form hydro^»ls by crosslinking them in different ways. 
Cellulose ethers may be crosslinked by methods known for 
cellulose. Thus a three-dimensional net polymer may be. 
obtained for example 

a) by letting the OH groups of cellulose ethers react 
with formaldehyde, glyoxal, urea, or monomethylol and di- 
methylol derivatives of melamine, ureaf ormaldehyde and 
melamine formaldehyde prepolymers, dimethylolethy- 
leneurea , epichlorohydr in , diepoxides , di isocyanates 
(George Odian Principles of Polymerization 1981, 671, 
John Wiley 6 Sons, Inc.) or divinylsulphone (David C. 
Harsh and Stevin H. Gehrke; Journal of Controlled Relea- 
se, 17 (1991) 175-186 and U, Anbergen and W. Oppermann; 
Polymer, Vol 31, 1990, 1854-1858), 

b) by radiation (i.a. electrons, neutrons, gamma and^UV 
radiation) (George Odian Principles of Polymerization 
1981, 671-672, John Wiley & Sons, Inc.) or 

c) by graf tpolymerizing cellulose ethers with vinyl mo- 
nomers according to the free radical mechanism. Free ra- 
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dicals are produced either by radiation (e.g. gamma or UV 
radiation) or by chemical activation (redox system, pero- 
xides or diazonium salts) (A. Hebeish, J.T. Guthrie, The 
Chemistry and Technology of Cellulosic Copolymers, 1981, 
32-241, Springer-Verlag) . For example acroleine, acryla- 
mide, 2 -aery lamido-2 -methy lpropane sulfonic acid, salts 
of 2-acrylamido-2-methylpropane sulfonic acid, acrylic 
acid, salts of acrylic acid, acrylonitrile, methacrylami- 
de, methacrylamidopropyl trimethyl ammonium chloride, 
methacrylic acid, salts of methacrylic acid, 2-metacro- 
yloxyethane sulfonic acid, salts of 2 -metacroyloxy ethane 
sulfonic acid, 2-methacryloxyethyl trimethyl ammonium 
chloride, 3-methacryloxy-2-hydroxypropyl trimethyl am- 
monium chloride, methacroloylchloride, N,N 1 -methylene 
bisacrylamide, or mixtures of these may be used. 

Cellulose ethers can thus be crossl inked for example with 
divinylsulphone in an alkaline solution. Divinylsulphone 
forms crosslinks by an addition reaction with OH groups 
situated either in the polymer backbone or in the substi- 
tuted groups. The amount of divinylsulphone used may be 
chosen according to the desired crosslink density and the 
reactivity and concentration of the polymers to be cross- 
linked and is for methyl cellulose, hydroxypropyl cellu- 
lose and carboxymethyl cellulose about 0.005 - 1.5 g di- 
vinylsulphone per one gram of dry polymer, preferably 
about 0.05 - 0.5 g divinylsulphone per one gram of dry 
polymer, in a 2 % cellulose ether solution. The theoreti- 
cal crosslink density, when cross-linking is carried put 
with divinylsulphone or some other compound mentioned 
above under alternative a), is about 8.5 x 10" 5 - 2.5 x* 
10" 2 moles per one gram of dry cellulose ether, priefera- 
bly about 8.5 x 10~ 4 - 8.5 x 10 3 moles per one gram of 
dry cellulose ether. 

In the culture medium according to the invention the pore 
size of the hydrogel based on crosslinked cellulose et- 
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hers is about 0.1 
nm. 
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- 1000 nm, preferably about 1.0 - 500 



mil 



The absorption properties of hydrogels may be improved by 
adding detergents. As detergents anionic (for example 
sodiumlaurylsulphate) or nonionic (e.g. Tween 20 , Triton 
X-100) detergents may be used. Absorption properties of 
hydrogels may also be regulated with other gelling, water 
solutions absorbing compounds, such as the above men- 
tioned cellulose ethers, copolymers of above mentioned 
polymers used in graf tpolymerization, agar-agar, albu- 
mins, alginates, gelatine, guar gum, carrageens, xanthan 
gum, polypeptides and other modified polysaccharides. 

In addition to possible detergents and gelling agents, 
nutrients (i.a. peptones, nutrient hydrolysates and su- 
gars) and, if desired, pH regulators, substrates, oth£ir 
reagents relating to biochemical detection reactions, 
selective inhibitors, antibiotics and coloring agents are 
added to the gel before the gel mixture is dried. 

The cellulose ether based hydrogel culture medium thus 
obtained may be spread on a suitable water-impermeable 
support and dried to a moisture content of 0.01 - 20 % by 
weight. Suitable water-impermeable supports are for exam- 
ple those of polypropene, polystyrene or polyester, of 
which test strips of the dip-siide-type may be prepared. 
If desired, the culture medium may also be dried on a 
glass fibre mesh, if the mesh is suitably fine and cross- 
linking of the hydrogel is sufficient. Drying may be per- 
formed under normal atmosphere or, if desired, under ne- 
gative or positive pressure. Suitable final moisture con- 
tent is 0.01 - 20 % by weight, preferably 0.05 -10 % by 
weight. 

The dry culture medium remains usable for long periods of 
time, and its applications are diversified. Thus a dry 
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culture medium device may be immersed directly into .a 
sample solution to be tested or pressed against a damp 
1. sample surface to be tested, whereby the gel absorbs a 
1 constant amount of sample. If the object to be examined 
' is ik dry surface, the gel may first be wetted for exarftpl^ 
with water, and then pressed against the surface to be 
tested, or the surface may be moistened and then a dry 
gel pressed against said moistened surface. A dry solid 

I 

| sample on the other hand may be suspended into liquid, 

t 

! into which the culture medium device is dipped. A dry 

culture medium may also be moistened, and then the sample 
I to be examined may be dropped on the medium. 



A further object of the invention is a microbiological 
test kit comprising a dry hydrogel culture medium device 
wherein the gelling agent of the culture medium comprises 
a hydrogel according to the invention, based on covalent- 
ly crosslinked cellulose ethers. The test kit may further 
comprise for example a wetting liquid and a sampling li- 
quid. The packaging of the test strip may also be used as 
an incubation chamber. 

Based on the above, the culture medium composition accor- 
ding to the invention may, when divinylsulphone is used 
for crosslinking, contain for example (percentages w/v 
calculated on the liquid volume) 

a) 0.1 — 10 % by weight of sodium carboxy methyl cellulo- 
se 

b) 0.1 — 10 % by weight of hydroxy propyl methyl cellulo- 
se or hydroxy propyl cellulose 

c) 0.05 - 0.5 % by weight of sodium hydroxide 

d) 0.005 - 1.5 g divinylsulphone/g cellulose ether 

e) 0.01 - 1.0 % by weight of Tween 20 

f) 0.1 - 10 % by weight of yeast extract 

g) 0.1 - 10 % by weight of Lablemco and 

h) 0.001 - 0.005 % by weight of Bromthymol blue, 
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which mixture is spread on a water- impermeable support 
and dried at 20 — 60 °C to a moisture content of 0,01 - 
2 0 % by weight. 

If cellulose ethers are crosslinked by graf tpolymerizati- 
on, the culture medium composition according to ^the in- 
vention may comprise for example (percentages w/v calcu- 
lated on the liquid volume) 

a) 0.1 - lO % by weight of sodium carboxy methyl cellulo- 
se 

b) 0.1 - 10 % by weight of acrylamide 

c) 0.01-10% by weight of N , N • -bismethy lene acrylamide 

d) 0.001 - 0.1 % by weight potassium hydroxide 

e) 0.001 - 0.01 % by weight of sodiumpyrosulphite 

f) 0.005 - 0.1 % by weight of potassium persulphate and 

g) 0.1 - 10 % by weight of BHI nutrient, 

which is spread on a water- impermeable support and dried 
at 20 - 60 °C to a moisture content of 0.01 - 2 0 % by 
weight. In the above disclosed composition potassium per- 
sulphate and sodium pyrosulphite function as redox ini- 
tiators of graf tpolymerization under alkaline conditions, 
where acrylamide and N,N' -bismethy lene acrylamide poly- 
merize with cellulose ethers. 

In the following the invention is further described with 
the help of working examples. The applications are exam- 
ples and their purpose is in no way to limit the inventi- 
on. 

Microbes have been cultured using prior art technique in 
BHI solution, and cultures have been diluted to suspen- 
sion series (CFU/ml) . The microbes in suspension have 
been determined on the novel solid medium and compared to 
the prior art culture techniques, such as nutrient agar 
plate culture and dip slide (Uricult™, Hygicult™) . 
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Example 1 

450 mg sodium hydroxide is dissolved into 400 ml of ion- 
exchanged water. To this is dissolved 2 g hydroxy propyl 
methyl cellulose (viscosity 4000 mPas, 2 % solution) „or 
hydroxy propyl cellulose (molecular weight 37 0 000) and 4 
g of sodium carboxy methyl cellulose (viscosity 6000 
mPas, 1 % solution) . The mixture is stirred for 3 hours 
at 60 °C, cooled to room temperature and 0.4 ml of di- 
vinylsulphone is added, mixed and left standing for 16 
hours. After stirring for 2 hours at 60 °C, the gel is 
diluted to 1 % and pH is adjusted with sodium hydroxide 
to pH 7. 0.05 g Tween 20, 0.6 g yeast extract, 0.3 g l»ab- 
lemco and 3 mg Brorothymol blue are added into 100 ml of 
the above mentioned gel. The mixture obtained is dried on 
a polypropene support (200 pl/cm 2 ) at room temperature, 
and the dry culture medium thus obtained is cut into test 
strips of 12 cm 2 . 

Example 2 

12 g of sodium carboxy methyl cellulose (viscosity 6000 
mPas 1 % solution) is dissolved into 600 ml of water and 
gasified with inert gas and heated to 70 °C. To the mix- 
ture is added 0.6 g N^'-bismethylene acrylamide and 0.6 
g acrylamide which have been dissolved into 2 0 ml of wa- 
ter. 1 ml 1 M potassium hydroxide solution, 35 mg sodium 
pyrosulphite are added and polymerized by adding 100 mg 
potassium persulphate. Stirring is continued under inert 
gas atmosphere for 4 hours. 15 g BHI nutrient is added to 
the mixture, pH is adjusted to pH 7 and the mixture is 
dried on a polypropene support (200 Ml/cm 2 ) at room tem- 
perature, and the dry culture medium support thus ob- 
tained is cut into test strips of 12 cm 2 . 
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Exampl 3 

The absorption capacity of test strips was tested by dip- 
ping the test strips from examples 1 and 2 into 0.9 % 
NaCl solution for 0.5, 1.0, 1.5, 2.0 and 2.5 minutes and 
by weighing the strips. The results are presented in Tab- 
le 1. 



Table 1. Liquid absorption capacity of test strips 





Absorption time min/ amount of absorbed li- 
quid ml 


Gel 


0 . 5 min 


1 . 0 min 


1.5 min 


2.0 min 


2.5 min 


1 


0.26 ml 


0.39 ml 


0.41 ml 


0.46 ml 


0.49 ml 


2 


0.23 ml 


0.34 ml 


O.40 ml 


0.45 ml 


0.49 ml 


3 


0.38 ml 


0.54 ml 


0.62 ml 


0.69 ml 


0.75 ml 
*• 



Gel 1 = Sodium carboxy methyl cellulose - hydroxy propyl 
methyl cellulose hydrogel (Ex. 1) * _ _ - 

Gel 2 = Sodium carboxy methyl cellulose - hydroxy propyl 
cellulose hydrogel (Ex. 1) 

Gel 3 = Graft sodium hydroxy propyl methyl cellulose ae- 
ry lamide - N,N»-bismethylene acrylamide polymer (Ex. 2) 

As a conclusion from the results it can be established 
that the gels synthesized of more hydrophilic cellulose 
ethers absorb more liquid within the same time. 

Example 4 

The sodium carboxy methyl cellulose - hydroxy propyl met- 
hyl cellulose test strips from Example 1 were immersed 
for half a minute into a Escherichia coli (ATCC 25922) 
dilution series 10 1 - 10 8 CFU/ml. 0.25 ml of the sample 
was absorbed. The test strips were incubated at 3 7 °C for 
20 hours. Comparison was made to a nutrient agar plate. 



WO 98/31785 PCT/FT98/00020 

17 

inoculated with 0.1 ml of sample. Growth densities were 

calculated as from nutrient agar plates. The results were 
collected in Table 2. 



Table 2 . Growth densities of Escherichia coli on nutrient 
agar plates and test strips 



bacterial 
dilution 


Growth density 
CFU/ml on nut- 
rient agar plate 


Growth density 
CFU/ml 

on test: strip 


10 1 


3 


8 


10 2 


18 


38 


10 3 


10 3 


10 4 


10* 


10* 


10 s 


10 5 


10 5 


10 7 


10 6 


10 6 


>10 7 


10 7 


>10 7 


>10 7 


10 e 


>10 7 


>10 7 | 



From the growth densities of Table 2 it can be found that 
growth density is in proportion to the amount of sample. 



Example 5 

The performance of the sodium carboxy methyl cellulose - 
hydroxy propyl methyl cellulose test strips of Example 1 
was studied with different bacteria and yeast. The test 
strips were immersed for half a minute in the dilution 
series of Escherichia coli (ATCC 25922), Klebsiella pneu- 
moniae (ATCC 33495), Proteus mirabilis (ATCC 12453), 
Pseudomonas aeruginosa (ATCC 27853), Enterococcus faeca- 
lis (ATCC 29212) , Staphylococcus aureus (ATCC 25922) and 
Candida albicans (ATCC 14053) in 10 1 - 10 8 CFU/ml. 0.25 
ml of the sample was absorbed. The test strips were incu- 
bated at 37 °C for 20 hours. The Cled-medium of the Uri- 
cult™ dip slide was used as a comparison with a sample 
amount of 0.025 ml. Growth densities were read by compa- 
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ring to a Uriculfc model chart. The results were collected 
in Table 3 - 



Table 3 . Growth densities of various microbes on test 
strips and on the cled-raedium of Uricult™ 



Microbial dilution CFU/ml 



Microbe / 
Test strip / 
Uricult™-Cled 



10' 



10 2 



10 3 



10 4 



10 : 



10 



6 



10 7 



10' 



E. coli 
Test strip 
Uricult™-Cled 



8 
0 



38 
1 



10 4 
6 



10 5 
10 4 



10 7 
10 45 



>10 7 I >10 7 
10 8 I 10 7 



>10 7 
>10 7 



K. pneumoniae 
Test strip 
Uricult™-Cled 



4 

1 



10~ 
2 



10 4 

10 3 



10 5-6 

10 4 



>10 7 
10 s 



>10 7 >10 7 
10 6 10 7 



>10 7 
>10 7 



P. mirabiiis 
Test strip 
Uricult™-Cled 



14 

5 



39 
5 



10 4 
7 



10 5 
10~ 



>10 7 
10 4 



>10 7 >10 7 



10 : 



10* 



>10 7 
10 7 



P. aemginosa 
Test strip 
Uricult™-Cled 



6 
0 



17 
2 



10 4 
10 



10 s * 
10 4 



>10 7 
>10 7 



>10 7 I >10 7 
>10 7 I >10 7 



>10 7 
>10 7 



S. aureus 
Test strip 
Uricult™-Cled 



1 
0 



2 
0 



18 
10 



10 4 

10 3 - 4 



10 s 
10 4 * 



10 5 * 
10 5 * 



>10 7 
10 s 



>10 7 
10 7 



E. faecaUs 
Test strip 
Uricult™-Cled 



1 
0 



10" 
1 



10 4 
3 



10 4 * 

10" 



>10 7 
10 4 



>10 7 >10 7 
10 5 * 10 8 



>10 7 
>10 7 



C. albicans 
Test strip 
Uricuit™*Cled 



0 
0 



0 
0 



0 
1 



20 
10 3 



10 5 * 
10 4 



>10 7 
10 s 



*>10 7 
10 5 * 



>10 7 
10 s 
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Microbial growth was even hundred times more dense on the 
test strips because more sample was absorbed by them than 
by the Cled-medium. 

Example 6 

The performance of the sodium carboxy methyl cellulose*- 
hydroxy propyl methyl cellulose test strips of Example 1 
was examined with yeast and mold. The test strips were 
immersed for two minutes in dilution series of Candida 
albicans (ATCC 14 053) and Aspergillus niger in 10 l - 10 6 
CFU/ml. 0.45 ml of the sample was absorbed. The test 
strips were incubated at 37 °C for 20 hours (C. albicans)* 
or at 22 °C for 72 hours (A. niger) . Hygicult™ Y & F was « 
used as a comparison with a sample amount of 0.050 ml. 
Growth densities were read by comparing to a model chart 
of Hygicult. 

Table 4. Growth densities of yeast and mold on test 
strips and on Hygicult™ Y & F. 



Yeast/mold dilution CFU/ml 



1 Microbe r * 

n Test strip 

1 Hygicult™ Y & F 


10 1 


lO 2 


10 3 


10* 


10 5 


10 6 


i C. albicans 














B Test strip 


0 


2 


50 


300 


10 4 ' 5 


>10 7 


1 Hygicult™ Y & F 


0 


3 


1 


32 


10 4 


10 6 


A . niger 
Test strip 
Hygicult™ Y & F 


0 
0 


1 
0 


0 

1 


2 
6 


6 

36 


18 

10 45 



Hydrogel culture medium based on crosslinked cellulose 
ethers maintains the growth of molds and yeast, although 
in this example the nutrients of the culture medium are 
not optimal to yeast nor mold as in Hygicult™ Y & F. 
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Example 7 

The performance of different hydrogel culture media based 
on cellulose ethers was examined by immersing the culture 
medium strips for half a minute in a dilution series of 
Escherichia coli (ATCC 25922), Enterococcus faecalis 
(ATCC 29212) and Candida albicans (ATCC 14053) in 10 1 - 
10 4 CFU/ml and by incubating at 3 7 °C for 2 0 hours. 
Growth densities were read by comparing to the model 
chart of Uricult™. The results were collected in Table 
5. 

Table 5. Growth densities of Escherichia coli, Enterococ- " 
cus faecalis and Candida albicans, CFU/ml, on various 
hydrogel culture media 



Microbial dilution CFU/ml 





E* coli 


E - faecalis 


C. albicans 


Gel 


10 1 


10' 


lO 3 


10* 


10 l 


10' 


10 J 


10* 


10 1 


10' 


10 J 


10* 


1 


8 


38 


10* 


10 D 


1 


10 J 


10 1 


10 3 


0 


o 


0 


20 


2 


16 


49 


10* 


10 b 


2 


21 


10 1 


10* 


0 


2 


20 


10* 


3 


1 


54 


10* 


10 3 


7 


35 


10* 


10 3 


0 


4 


30 


10* 



Gel 1 = Sodium carboxy methyl cellulose - hydroxy propyl 
methyl cellulose hydrogel (Ex, 1) 

Gel 2 = Sodium carboxy methyl cellulose - hydroxy propyl 
cellulose hydrogel (Ex. 1) 

Gel 3 = Graft sodium hydroxy propyl methyl cellulose, ac- 
rylamide - N,N»-bismethylene acrylamide polymer (Ex. 2)- 

From the examples of Table 5 it is seen that hydrogels 
prepared from different cellulose ethers maintain micro- 
bial growth. 

As a summary from above examples it may be stated that 
- all microbes grow on the culture medium according to 
the invention, although the culture medium composition of 
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the examples was not at all optimized for different mic- 
robes, 

- the culture medium according to the invention is gene- 
rally more sensitive than nutrient agar or commercially 
available dip slides, 

- growth on the culture medium according to the invention 
is proportional to the amount of sample. 
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Claims 



1. Dried hydrogel culture m dium for microbes, charac- 
terized in that it comprises a hydrogel based on cova- 
lently crosslinked cellulose ethers, whereby the hydrogel 
culture medium can be attached on a water- impermeable 
support without absorbing support layers or adhesive 
layers. 

2. Hydrogel culture medium^atfcording to claim 1, charac- 
terized in that the gelling agent comprises both hyd- 
rophilic and hydrophobic cellulose ethers. 

3 . Hydrogel culture medium according to claim 1 or 2 , 
characterized in that in cellulose ethers hydrogen atoms 
in the OH groups of cellulose have been replaced by al- 
ky 1, such as methyl, ethyl, or propyl groups, hydroxyal- 
kyl, such as for example hydroxyethyl or hydroxypropyl 
groups, benzyl or hydroxybenzylgroups or alkalimetal 
salts of carboxymethyl, whereby each glucose unit of cel- 
lulose may contain 0-3 OH groups substituted with above 
mentioned groups. 

4 . Hydrogel culture medium according to any one of the 
previous claims, characterized in that the molecular 
weight of cellulose ethers is 500 - 1 000 000, preferably 

1 000 - 500 0000. 

5. Hydrogel culture medium according to any one of the 
previous claims, characterized in that the viscosity of 
the cellulose ethers is 100 - 100 000 mPas, preferably 1 
000 - 10000 mPas (2 % solution, 20 °C) . 

6. Hydrogel culture medium according to any one of the 
previous claims, characterized in that the pore size of 
the hydrogel based on crosslinked cellulose ethers is 0.1 
- 1000 nro, preferably 1.0 - 500 nm. 
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7 . Hydrogel culture medium according to any one of the 
previous claims, characterized in that in addition to the 
hydrogel based on crosslinked cellulose ethers it comp- 
rises nutrients, and optionally other necessary com- 
ponents, such as other gelling agents, pH regulators, 
detergents, substrates, other reagents relating to 
biochemical detection reactions, selective inhibitors, 
antibiotics and coloring agents . 



8 . Hydrogel culture medium according to any one of the 
previous claims, characterized in that it has been dried 
on a water-impermeable support to a moisture content of 
0.01 - 20 % by weight. 

9. Hydrogel culture medium according to claim 1, charac- 
terized in that to the gel may be added cellulose ethers, 
agar-agar, albumins, alginates, gelatine, guar gum, car- 
rageens, xanthan gum, polypeptides, copolymers polymeri- 
zed from vinyl monomers such as acroleine, acrylamide, 2- 
acrylamido-2-methylpropane sulfonic acid, salts of 2-ac- 
rylamido-2-methylpropane sulfonic acid, acrylic acid, 
salts of acrylic acid, acrylonitrile, roethacrylamide, 
methacrylamidopropyl trimethyl ammonium chloride, methac— 
rylic acid, salts of methacrylic acid, 2-metacroyloxyet- 
hane sulfonic acid, salts of 2-metacroyloxyethane sul- 
fonic acid, 2-methacryloxyethyl trimethyl ammonium chlo- 
ride, 3-methacryloxy-2-hydroxypropyl trimethyl ammonium 
chloride, methacroylchloride, N,N r -methylene bisacrylami- 
de or mixtures of these, or other modified polysacchari- 
des. 

10. A process for the preparation of a dried hydrogel 
culture medium device for microbes, characterized in that 
for the formation of a hydrogel, cellulose ethers are 
crosslinked with each other by 

a) letting the OH groups of cellulose ethers react for 
example with divinylsulphone, formaldehyde, glyoxal, urea 
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or monomethylol and dimethylol derivatives of mel^mine, 
ureaf ormaldehyde and melaminef ormaldehyde prepolymers, 
dimethylol ethylene urea, epichlorohydrin, fliepoxides or 
diisocyanates, or 

b) by radiation, or 

c) by graf t polymerizing cellulose ethers with vinyl mo- 
nomers, such as acrylamide and N, N • -bismethylene acryla- 
mide, according to the free radical mechanism, 

the crosslinked hydrogel obtained is supplemented with 
nutrients and optionally with other necessary components, 
and the hydrogel culture medium obtained is spread on a 
water- impermeable support and dried* 

11* Process according to claim 10, characterized in that 
in addition to nutrients also other components, such as 
gelling, water solutions absorbing compounds, pH regula- 
tors, detergents, substrates, other reagents relating to 
biochemical detection reactions, selective inhibitors, 
antibiotics or coloring agents are added to the gel, and 
the hydrogel culture medium obtained is spread on a wa- 
ter-impermeable support, dried at 20 - 60 °C to a moistu- 
re content of 0.01 - 20% by weight and cut to test 
strips * 

12* Process according to claim 10 or 11, characterized in 
that when cellulose ethers are* crosslinked according to 
the alternative a) of claim 10, the theoretical crosslink 
density of cellulose ethers is 8.5 x 10" 5 - 2.5 x 10~ 2 
moles per one gram of dry cellulose ether. 

13. Process according to any one of claims 10 - 12, cha- 
racterized in that when cellulose ethers are crosslinked 
with divinylsulphone, the amount of divinylsulphone is 
0*005 - 1.5 g / 1 g cellulose ether. 
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14. Process according to claim 10 or 11, characterized in 
that when cellulose ethers are graf tpolymerized with ae- 
ry lamide and N , N • — bismethylene acrylamide, the amount of 
acrylamide is 0.1 - 10 % by weight (w/v) and the amount 
of N,N 9 -bismethylene acrylamide is 0.01 - 10 % by weight 
(w/v) . 



15. Process according to claim 10, characterized in that 
hydrogels may be prepared from cellulose ethers by graft- 
polymerizing according to the free radical mechanism with 
acroleine , acrylamide , 2 -acrylamido-2-methy lpropane sul- 
fonic acid, salts of 2-acrylamido-2-methylpropane sul- 
fonic acid, acrylic acid, salts of acrylic acid, acry- 
lonitr i le , methacry lamide , methacry lamidopropy 1 tr imethy 1 
ammonium chloride, methacrylic acid, salts of methacry lie 
acid, 2 -metacroyloxy ethane sulfonic acid, salts of 2-me- 
tacroyloxyethane sulfonic acid, 2-methacryloxyethyl tri- 
methyl ammonium chloride, 3 -methacry loxy-2-hydroxypropyl 
tr imethy 1 ammonium chloride, methacroylchloride, N,N'- 
methylene bisacry lamide or mixtures of these. 

16. Microbiological test kit which comprises a dried hyd- 
rogel culture medium device for microbes, characterized 
in that the gelling ingredient of the hydrogel culture 
medium comprises a hydrogel based on covalently crosslin- 
ked cellulose ethers. 

17. Microbiological test kit according to claim 16, cha- 
racterized in that it further comprises a surface wetting 
liquid, a sampling solution and a packaging which may be 
used as an incubation chamber. 

18. The use of the hydrogel culture medium according to 
claim 1 for the determination of the species and amount 
of microbes within different sensitivity ranges. 
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